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! (57) Abstract 

• A new method for determination of polymorphism of human MHC alleles for tissue typing, preferably of HLA-D 
: tissue types. The method is characterized in that a probe, which hybridises to a base sequence in the MHC, is used in res- 
zriction fragment analyses of DNA from different individuals, and that the size distribution of DNA fragments, hybridis- 
ing to the probe and originating from one first individual, is compared with the corresponding fragment distribution from 
a second individual or with the corresponding distribution reflecting a particular type of polymorphism. The comparisons 
i-e carried cut in order to determine: a) the genetic matching of said other individual for thepurpose of transplantation or 
ricod transfusion, b) the relative risk of ihe first individual^ acquire'a particular disease related to one or more of the al- i 
'.i'.ts of the MHC, c> the biological paternity or maternity-of the first individual or d*i if the first and second individual ex- 
hibit the same polymorphism of one or more particular MHC allele, i.e. for use in forensic medicine. 
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' ' z'z'z r c ~z y "xhcT gens g = s : £ r ~ 1 " 8 * * ° " c •" tissue types 

The present invention relates to methods and r.ear.s for the *e*»r- 
:;:::;r^" °S !:r^f : cf *™JW tissue ty;es, alternate"]; 
^^\ n ^^:/%™^ 70r the "^nation of ? oly- " 

;-i e -.:r^" M uPl' mean ? th ? " f ' 3jor Histocompatibility Complex", also 
c f :ed the HLA-con-.pl ex (Kuan Leukocytes system A). Both MHC and 

5'oT" H o e 8o) re D ge S 3 e l JVW terms (see e -9- clin - i«Su5S? . . 

1 U980), p. 63-80, Ed. Parfcer CW, WB Saunders Company). 

-r^nJLnJ 6 ^- 1 ^ re V™ present on human chromosome 6, that 
Ih l ; L S , Kh ?? de f 2 p products involved ^ -many immunologic 

1ncl ^ dln 9 allograft rejection and other cellular and 
numeral jnjunj responses. The presently known HLA genes can be 

" -; nt ; iS 0 ma ^ Cr "Tories: The HLA-A, B and C tissue anti- 
r f T l! Ct , th8 e * 1stencs of at least three different loci which 
n22S- 0 l.?«(?r ,B S 0n ° f J^oP^ins (antigens) exposed on mCst 
njcle^ed cells. These antigens are referred to as Class I anticens 
-n^Sr S6t °penes, exemplified by the KLA-D or DTT^la^d) 

-n4) 9 cSn'roU Z -° ll0 r' ng " llective1 y referred to as HLA- D 
^1 .'n S Toraatien of the so-called Class II antioens 

...ese antigens have a restricted tissue distribu tion. Thu s, C lis! 
ii cogens oufer from the Class I antigens inasmuch is they S^n 
;~-5?S« mainly , 0n " 11S 0f the immune *y st «". Several cSrieJSS 
-tl f S ^ rd r or^n°nr C0 K ed 1n the HHC ' These «m P onents con sit 
Molecules substances that are referred to as Class III 

L-steTis S'b^ow: " ^ ^ MHC 00 the Sh ° rt a ™ ° f ch - 

c n e D Cf B C A 

0 'iii i 



i he centromere (Ce) is to the left. The A, B, C and other as vet 
undenned loci all code for class I antigen heavy chains while the 
D locus codes for a and g chains of DR, DC and other class I ant?! 



Structure a nd tissue distribution of HLA antigens 

Class I antigens, encoded in the A, B, and C loci of the MHC an- 
pear on almost all nucleated cells. However, the quantitative P 
expression vanes drastically between different types of eel's. ' 

L h il St Alf cTLf t^- 1 3ntl ' 9enS has been eluc ^ated in great de- 
1 ic t chain SJhl 9e C S - are com P° sed of one heavy chain and one 
lic..t chain. The heavy chain, encoded in the MHC, is a glycosylated 

If ¥TclmZ h 1Ch ? p2nS - th£ Pl3sma membrane and^xhibit sa por? on 
« 1 c ? i n T V 6 ?; 0 " °" the . c ytoplasmic side of the mLbrane. 
{ . I'l u-u* ™ °J ;J e . + CUss 1 2nt isens is invariant reoardless of 
hn.cn allelic product it is associated with. The light chain, al<o 



Cc'iec £.-~icrcclcbulin, is er.ccced by human chrcrxscne 15 and ccn- 

' " " . * * w - 1 - • • w w ^C, . v > - • i ~ i into i 

7'r.e •r.cv,"; edge of the protein structure, biosyr.^hesi s end generic 
structure of Class II antigens is known in less detail than for the 
Class' I- antigens. However, Class II antigens are composed of two 
dissimilar, ncn-coval ently associated, membrane-spanning clycc-pcly- 
pepzides called a and s chains. The genes encoding these polypep- 
tides are most likely part of the D-region of theV.HC. So' far, it 
has been established conclusively that both a and 3 chains of the 
DR and DC loci are encoded in the MHC. 

The Class II antigens display a more restricted tissue distribution 
th=n the Class I antigens. Cells rich in Class II antigens are anti- 
gen-processing, dendritic cells, macrophages , antibody-producing 
B-lymphocytes and activated T-cells. In addition, Class" II antigens 
occur on the surface of several types of epithelial cells. 

Polymorphism of the HLA loci 

The HLA antigens display an extensive genetic polymorphism at most 
loci although the genes control ing the complement components may 
be somewhat less polymorphic than the genes encoding Class I and II 
antigens. The HLA antigen polymorphism is ref lected"at the popula- 
tion level by the occurrence of a large number of HLA haplotypes. 
Each HLA haplotype represents a defined set of genes, all of which 
are inherited according to Mendel ian laws. The multitude of HLA 
haplotypes is a consequence of the fact that virtually all MHC loci 
exhibit a large number of alleles. Allelic genes, although similar, 
differ from each other but occupy identical positions in different 
HLA haplotypes. A normal individual can only express two alleles at 
a given locus. However, the entire population may express a large 
number of alleles at such a locus. Presently, some 25 alleles have 
been identified at the HLA-A locus, a similar number at the B locus, 
about 10 at the C locus and a total of about 15 at the D locus (see 
Bodmer, W.F. Ed. Brit. Med. Bull. 34, 3(1978)). Recombinant DNA 
techniques have revealed that B chains derived from the DR locus are 
genetically polymorphic while only a single a chain of the DR locus 
has been identified. In contrast both a and 3 chains of the DC locus 
appear to be genetically polymorphic. 

A precise number of alleles cannot be given since new alleles are 
frequently discovered. Moreover, recently discovered alleles may 
turn out to be identical to previously detected ones as tedious, in- 
ternational collaborations have to be established to examine the 
specificity of the particular serological reagent used to define a 
new allele. Nonetheless, the high number of alleles and their fre- 
quency distribution in the population make it unusual to find two 
genetically unrelated individuals who share identical sets of al- 
leles, i.e. who exhibit identical HLA haplotypes. 

An allele consists of a segment of deoxyribonucleic acid (DNA) 
which comprises all the information needed to become expressed as 



zi] y-erti de chains ~ay be derives fro;?, oi—erent a i .el es provi- 
ded the" nucleotide secuence differences are "silent" at the level 
:f -.rcns ;aticn. Moreover, nucleotide sequence differences between 
* * ~ * " - * m ; ~ r. t £ffe*"t t**. - ~ o 1 t £ 1 1 c £ z'r\c *. p. s ^cjsr.ces provided 
:he differences occur in i.ntrcns or in untranslated portions cf the 
ex:r.s. Consequently, alleles recognized as such at the DNA level 
r.ay not en-erce as alleles but as products of the same gene at the 
protein level. Despite this limitation of the polypeptide chain 
polymorph ism, great numbers of alleles at various loci of the MKC 
have been discovered by serological analyses of the proteins deri- 
ved from the alleles. 

Some current indications for tissue typing 

Tissue typing to identify products encoded by the MKC loci has pro- 
ven to be of great importance in many areas of bionedicine. Origi- 
nally, proteins encoded in the MHC were shown to be intimately in- 
volved in processes causing the rejection of transplanted tissues. 
The name "transplantation antigens" stems from this knowledge. It 
was soon realized that matching for MHC identity of the donor and_ 
the recipient was of predictive value in assessing the survival of 
a transplanted graft. In order to match the alleles indirect methods 
are used inasmuch as the proteins rather than the DNA were examined. 
This procedure is called tissue typing. 

Interest in transplantation antigens increased further when it was 
realized that there exist a correlation between some MHC alleles 
and certain diseases. Thus , insulin-dependent diabetes is more pre- 
valent among individuals with the alleles Dw3 and/or Dw4 while in- 
dividuals with the allele Dw2 seem to be resistant to this disease 
(see Table I). Consequently, tissue typing may be used to predict, 
at the individual level, the relative risk to acquire a certain 
disease. This may be of importance e.g. in councelling individuals 
to avoid certain occupational hazards. Tissue typing is also of 
great value in forencis medicine, particularly in paternity cases, 
although the full value of tissue typing has not yet been realized. 
Finally, it has been observed that a correlation exists between some 
spontaneous abortions and the particular HLA haplotypes of the father 
and the mother. 

Three exarr.pl es of the value of tissue typing are described below in 
some detail: 

1) Survival of e.g. transplanted bone marrow, kidneys and other 
organs is dependent on the HLA type of donor and recipient. 

2) Survival of blood elements in blood transfusion is influenced 
by the HLA type of donor and recipient 

3) Susceptibility to develop certain diseases is related to HLA 
types. 



= t the :>r:te:n level cf paiisnts r=:e-.-;r.g e.c. kicnev 

-- ' - - t.Tct CT27t SwTViVcl V.c S ZzZ 1 =r.~ or. ~s tCD "ire the 

HLA-types of the donor organ end the recipient. Transplantation" 
~=r*e£n HLA- identical siblings was found to yield a hie'rer inci- 
dence of kidney survival than transplantation between ncn-KLA-' 
icsr.v.cal siblings. Recent results suggest that the aatchina for 
.■^L.-.-D results in a high success rate as recards accepted crafts. T n 
rsct, it has seen found that survival of 90S of the crafts is cfatai- 
nes if the kidney donor and recipient have the same KLA-OR tyne It 
is assumed that even minor differences in HLA-D is sufficient to 
initiate an immune response leading to rejection of the transplan- 
ted kicr.ey. It should be pointed out that the ircrune response is 
cc-.p.-ex and involves the activation of so-called T helper cells 
which, in class II antigen-dependent mechanisms, alert' and stimulate 
the development of cytolytic lymphocytes and antibodies directed 
against the grafted tissue. 

SI cod transfusion 

The transfusion of blood in certain blood cell deficiency diseases 
is also influenced by matching at the protein level for KLA- types . 
In certain thrombocyte disorders, the replacement therapy by trans- 
fusion often results in the formation of cytotoxic antibodies a- 
ga.nst tne KLA antigens expressed on the surface of the thrombo- 
cytes. ,'rs reaction can be prevented by HLA-DR ,-atchi.na of donor 
arc recipient blood. 

Disease susceptibility 

Kany diseases have been studied to test the possibility that the 
appearance or a disease is related to a particular HLA-antigen. Th» 
frequency of an antigen in a population of individuals sufferino 
from _ the disease is compared to the frequency of the same HLA anti- 
gen in a healthy control population. The degree of association 
between a given HLA antigen and the disease is expressed as the 
relative^ risk (RR). The relative risk indicates how many times more 
frequently, the disease occurs in a group of individuals carrying 
the particular antigen compared to the control population. A number 
o. diseases snown to be related to a particular HLA antigen have 
been summarized in the table below. Several review articles are 
available on this subject (see Immunological Review, 70, 1-218, 
iSc;2) . 

Acccrdinc to the results presented in tr.is pater.: >:plicaticn tr* 
envelopment and manifestations of some such diseases may be con- 
sidered related to the structure and expression of one or more oen°s 
in the MHC-encoding HLA antigens. * 

Current methods for tissue typing 

Tissue typing, i.e . determination of the particular HLA alleles ex-' 
pressed on the surface of cells has hitherto been accomplished by 
indirect means since the protein derived fror, an allele rathe" than 
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5:-:rishi?s betv/een KLA and disease 



Frequency (%) of 

antigen 

Associated ' Relative 

• •ssase KLAantigen Controls Patients risk 



in i 



euir. 



:s:nc spondyl i tis 
r's syndrome 
anterior uveitis 
atoid arthritis 
pie sclerosis 
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litis herpetiformis 
ic autoimmune hepatitis 
syndrome 
ciopaihic Addison's di- 

n ves'disease 

-2-* in-dependent diabetes 
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Congenital adrenal hyper- Closely linked to HLA and associated 

plasia with HLA-Bw47 

(21 -hydroxylase deficiency) 



Frcn Svejgaard and Ryder in Clinical Immunology (eds. F.H. Bach and 
Gcod), p. 173-181, Academic Press, K.Y. (1980) 



-.:<> DN'A, has been examined. This is a tedious procedure and antisera 
res:*.*.ns specifically against each transplantation antigen have to 
re cvi-. ;£j.e. in determining the expressed allele et some KLA loci 
;js typing cells are being used, it is easily realized that 
= c:-. types of nethcdology require reagents that freouently are of 
zozr quality and hard to come by. 

Currently, alleles of the A, B, C, DR and DC loci are identified 
-■/ naving specific antibodies react with the proteins derived from 
tne alleles. The method used is called the "Lymphocyte Microcyto- 
tcxicity lest". Thus, carefully selected antisera recognizing only 
one allelic protein of a given locus are placed in microti ter wells. 
Cells ot the individual to be tissue typed are added to each well- 
After a period of incubation complement is added. Antibodies that 
have interacted with the cells will fix complement and the cells 
will lyse. By scoring which antisera have induced lysis, the tissue 
type can be determined. However, polypeptides de rived from alleles 
not yet discovered will, of course, escape detection. 

Alleles of the HLA-D loci are also being identified by a procedure 
called the "Mixed Lymphocyte Reaction". In that method homozygous ~ 
typing cells are mixed and cultured together with the cells to be 
typed. Provided the class II antigens differ between the cells to 
De typed and the homozygous cells, proliferation will occur. De- 
rails or this and the above mentioned technique are excellently de- 
scribed in Clin. Immunol. (Vol. 1, Ed. Parker, C.W. pp. 67-89 (1SS0) 
W.3. Saunders Co. ). ' 

Sc-.e drawbacks of the presently employed techniques of tissue typing 

1) The techniques are indirect 

2) Serological reagents that give unambiguous typing results are hard 
to come by and are difficult to standardize. 

3) Prolonged storage of antisera and typing cells may reduce their 
usefulness. 

4) Many reagents are not selective enough to identify only one 
single allele. 

5) Alleles not yet identified will go undetected. Thus, it may be 
impossible to distinguish homozygosity from heterozygosity at a 
given locus if the heterozygous individual expresses an HLA anti- 
gen against which reagents are lacking. 

6) Current techniques are tedious and cumbersome. 

It is, thus, an object of the present invention to provide a simpli- 
fied method for the determination of human -MHC polymorphism which 
yields a much more refined determination than previous methods and 
is not subject to their limitations. 

A further object of the invention is the provision of probes defi- 
ning MHC-specific nucleotide sequences, which probes can be produ- 
ced, in large quantities with high specificity and reproducibility 
and at low cost. J 



Tre present invention provides £ new method fcr determination of po- 
V/-or?riisrn of human MHC alleles for tissue typing, prefereably of KLA- 
D" tissue types. The method is characterized in that a probe which is 
able. to hybridize to a base sequence in the MKC, is used in restric- 
-;cr. er.zyir.e mappingof ONA from different individuals, and that the 
size di stribution of DNA fragments, hybridizing to the probe and 
originating from one first individual , is compared with the corre- 
sponding fragment distribution from a second individual or with the 
corresponding distribution reflecting a particular of poly- 
morphism. The comparisons are carried out in order to determine 
a) the genetic matching of said other individual for donating tissues 
fcr the purpose of transplantation or blood transfusion to said 
first individual or b) the relative risk of the first individual 
to acquire a particular disease related to one or more of the alle 
les of the MHC or c) the biological paternity or maternity of the 
first individual or d) if the first and second individual exhibit 
the sane, polymorphism of one or more particular MHC allele, i.e. 
for use in forensic medicine. Specifically the comparisons mean 
that one is looking for the absence or presence of specific hybri- 
dizing fragment(s). 

In a preferred aspect the method of the invention is based on ana- 
lyzing the structure of the genes coding for or related to the HLA- 
D tissue types and is characterized in that the probe is selected 
from cDNA complementary to mRNA coding for HLA-D (Class II) anti- 
gens, genomic DNA representing the actual genes (or gene complexes) 
containing the coding and non-coding sequences for Class II anti- 
gens and fragments thereof. In this aspect the distribution of DNA 
fragments from one individual may be compared e.g. according to 
a) and b) mentioned above. 

Correspondingly, one preferred probe of the invention is characteri- 
zed in' that it is selected from cDNA complementary to the mRNA co- 
ding for HLA-D (Class II) antigens, genomic DNA representing the 
actual genes (or gene complexes) containing the coding or non-coding 
sequences of Class II and Class I antigens, and fragments thereof. 
Certain other aspects of the invention are further characterized in . 
the enclosed claims 1 to 19. 

Isolation of DNA 

Isolation of the DNA to be examined as regards its MHC polymorphism 
is accomplished according to well established procedures (Blin, N. 
and Stafford, D.W., Nucleic Acid Research 3 (1976), pp. 2303-2308. 
Preferrably the DNA will be isolated from blood cells and other 
nucleated cells. 

Restriction endonucl ease-fragmentation of DNA 

Restriction enzyme mapping of ONA is known per se and comprises 
the steps of 1) restriction enzyme digestion of human DNA, 2) size 
fractionation of the fragments thus obtained, and 3) detection of 
specific ONA fragments by their hybridization to a nucleic acid 
probe, The isolated DNA is fragmented by use of one or more DI!A- 
specific restriction endonucl eases. Two or more restriction endo- 



nucleases can be used separately on aliquots.of the same DNA prepa- 
ration. Two or more restriction endonucleases can also be used for' 
ccr.secjtive or simultaneous digestions cf the san* aliquot of DNA. 
Each enzyme ray require its own particular conditions to effect 
cc-plete digestion. Consequently, defined conditions for the di- 
gestions will vary with the enzyme or enzymes used. However, the 
general principles for the use of restriction endonucleases have 
been outlined in several review articles (see Roberts, R. J., Nucl. 
Acid. Res. r. 117 (1982)). It can be stated that restriction endo- 
nuclease digestions of DNA are always carried out in aqueous solu- 
tions buffered to a pH in the range of 4 to 9. In most cases, but 
not in all, the temperature of the digestions range from 15 to 



A large number of restriction endonucleases are commercially avail- 
able. Two groups of restriction endonucleases appropriate for use 
in the present procedure can be distinguished: 1) Restriction endo- 
nucleases recognizing a particular DNA sequence of four bases. 
2) Restriction endonucleases recognizing a particular DMA sequence 
of six bases. 

Each group of restriction endonucleases comprise several members 
which recognize different base sequences. The restriction endonu- 
cleases of group 1 will on average generate more DNA-fragments than 
the enzymes of group 2. However, the recognition of a specific se- 
quence of bases for each enzyme implies that the number of DNA frag- 
ments generated by an enzyme will vary from that of another enzyme. 
Suitable restriction endonucleases to be used in establishing the 
particular alleles encompassed within the MKC region of an indivi- 
dual are: Eco RI, Pvu II, Bam HI, Bgl II, Pst I etc. Most likely, 
the list of suitable enzymes may be made much longer, particularly 
since new restriction endonucleases will be discovered in the fu- 
ture. 

Separation of DNA-fragments 

Restriction endonuclease digestions generate DNA fragments differing 
in molecular weights and, thus, in size. The molecular weights of 
the enzyme-generated DNA fragments are virtually perfectly corre- 
lated' to each of the number of bases, phosphate groups and carbo- 
hydrate moieties of the DNA fragment. Size fractionation of the re- 
striction endonucleasies-generated DNA fragments involves a frac- 
tionation procedure taking advantage of the number of one or more 
of the above described constituents of the DNA fragments. The pre- 
sently preferred way to separate DNA fragments generated by restric- 
tion endonuclease digestion is to use electrophoresis either with 
agarose or polyacrylanride as the support. However, fractionation of 
DNA fragments may also be accomplished by using other procedures 
such as gel chromatography, affinity separation techniques, etc. 

The.electrophoretic migration behaviour of restriction fragments 
visual! zed- after hybridization will allow the determination of their 
molecular weights and, hence, the number of bases they contain. Of . 
course, the precision of the molecular weight determinations of the 



restriction 'fragments will improve should a standard sample of well 
ce-ir.ed DNA fragments be run in parallel with the sample to be . 



The. probe should hybridize with DMA fragments derived from the 
r.'jr.an KHCby restriction endcnuclease digestion. The base sequence 
of the probe or parts of its sequence should be complementary to a 
base sequence of the MHC. Such a sequence does not necessarily encode 
a polypeptide chain, but the probe is better defined if that is the 
case. However, the principal requirement of the probe is that it 
wholly or in part is complementary to a base sequence of the MHC, 
preferrably to a part of an allele of the polymorphic D-loci . The 
probe consists of nucleic acid, either of the RNA or DNA type. Since 
DNA is more stable than RNA, a DNA probe is to be preferred over 
an RNA probe. 

One type of probe that hybridizes with all or some alleles of a 
polymorphic MHC locus is initially prepared from a cDNA complemen- 
tary to an mRNA molecule. The mRNA is usually enriched from* cells 
that express substantial amounts of a polypeptide chain derived 
from an allele of the MHC locus such as the constituent polypeptide 
chains of lass I and lass II antigens. Enrichment of the mRNA of 
choice is carried out as described (Kvist, S. etal . , Cell, 29, 
51-6S, 1982). 

The "isolated mRNA fraction consists of many types of mRNA molecules. 
All the mRNA species are used as templates for. reversed transcrip- 
tion generating double-stranded cDNA. The double-stranded cDNA 
molecules are separately ligated to a linearized plasmid which sub- 
sequently is used to transform a strain of E. coli, The transformed 
bacteria are cloned and those which support the replication of 
plasmids containing cDNA inserts corresponding to polymorphic alle- 
les of the MHC are selected. The procedures are well known and out- 
lined in US Patent Specification No. 4237224. The techniques de- 
scribed above frequently yield cDNA that corresponds only to a 
portion of the corresponding protein. 

The're are also other routes for preparing probes, e.g . synthetic 
routes for probes containing short base sequences. Once prepared 
a cDNA clone or a synthetic DNA fragment corresponding to part of 
that clone may be used for the isolation of genomic DNAflankedby parts 
of such coding DNA. Thus, it is possible tb purify relevant chro- 
mosomal DNA, containing both coding and non^coding sequences, which 
then can be produced in large quantities according to US Patent 
Specification No. 4237224 and wholly or in parts be used as probes. 

Polypeptide chains encoded in alleles of the HLA-A, -B and -C loci 
display considerable sequence similarities. Corresponding similari- 
ties have now also been found to exist at the base sequence level. 
Therefore, probes can be prepared that hybridize with alleles of 
several loci, e^. the HLA-A,. -B and -C loci. Such a probe may, 
thus, be used to detect DNA fragments derived from HLA-A, -B and 
-C alleles as well as fragments derived from alleles of other loci 



snare surfmeru base secuence similarity with the probe. Con- 
cerning alleles of Class 11 antigen loci probes recoanizing a end 
£ :*3in alleles have to be used to establish Class II antigen pclv- 
-:-:--s-. Such probes can be obtained and they do not hybridize to 
a: sies of the Class 1 antigen loci. 

?r:o=s derived from sequences unique to a certain allele mav be used 
-.2 cetect only such DMA fragments that ere derived from the" particu- 
lar allele. Available sequence information about Class I and II anti- 
g=- cer.es indicate that allele-specif ic probes have to be short. 
Therefore, such probes are most easily prepared by automated nucleo- 
ztzs synthesis employing standard techniques (see Caruthers et al 
Genetic Engineering, vol 3. p. 1-17 (1982) Plenum Press, Ne w York! ) 
Using probes unique for an allele or for alleles of a single locus 
will simplify determinations of which alleles are present in a given 
san-.ple of DNA. However, in many cases similar information will be 
cotained also with probes of less specificity provided appropriate 
restriction endonucleases are-chosen for the digestions. 

As outlined above allele-specif ic probes should be short. However, 
proses consisting of only few bases may hybridize also to D.NA se- 
quences not encompassed by the MHC. Therefore, probes consistino of 
between 100 and 1500 bases provide the most specific results. In 
fact, two probes in that size range corresponding to Class II anti- 
gens will yield hybridization patterns containing more information 
man serological analyses that have to be carried out with more 
than 15 ar.tisera. Moreover,, antisera are not available against some 
of ihe products of the alleles discovered by the mapping'technique. 

The probe to be used may preferrably be covalently labeled with ana- 
lytically indicatable compounds or groups by techniques known per se. 

Examples of such compounds are: Enzymat'ically active substances"; " 

substrates for enzymes, co-factors, co-enzymes and fluorescent, 
f-jr.;nescent and radioactive compounds. Examples of other substances 
not in themselves indicatable but possessing the property to react 
with analytically indicatable compounds , are: Protein A with the 
property of binding to labeled IgG (and vice versa ), biotin with 
the property to bind labeled avidin (and vice versa ), activated 
thiol compounds with the property to bind and react with thiol-con- 
taining analytically indicatable compounds (and vice versa ) and, 
final-ly, haptens and antigens with the property to bind labeled' 
antibodies (and vice versa ) 

Hybridization 

Hybridization is defined as the formation of hydroaen bonds between 
the oases ot a single-stranded DNA fragment and the complementary 
bases cf a single-stranded DNA probe. The outcome of a hybridiza- 
tion is the formation of a double-stranded segment of DNA composed 
of the hybridizing DNA fragment and the DNA probe. It is obvious 
that hybridization, as defined here, does not require perfect comp- 
lementarity between DNA fragment and probe but require that the 
complementarity is sufficient to allow the probe to bind in a se- 
lective manner to the DNA fragment. 



7 c hybridize the probe tc the restriction endonuclease f racner.ts * 
ir acjecus solution containing the following corr-enents are mostly 
.sec: } Cne or more probes, 2) Fonnanrice, ar.G 3} Sodium chloride" 
et a concentration of 0.1 to 1.5 M 

In addition, the solutions may contain f icoll , polyvinylpyrrolidone, 
bovine serum albumin and/or denatured, non-homologous DNA. The de- 
natured, non-homologous DNA is being used to avoid non-specific 
sticking of the probe to sites on the paper that will bind any tvoe 
of denatured DNA. When pre-hybridization is being used, the she*V 
to be exposed to the probe is treated with non-homologous, dena- 
tured DNA prior to hybridization with the probe. The hybridization 
solutions are buffered to pH values of 5 to 9 and the hybridizations 
ere carried out at temperatures varying from 18° to 650 for 3 to 43 
hours. The size of the DNA fragments that will hybridize to a probe 
is dependent on a variety of parameters among which are: 

1. The restriction endonuclease or endonucl eases used to generate 
tne D;;A fragments. For a given sample of DNA and for a given 
probe tr.e pattern of hybridizing DNA fragments will vary with 
the specificity of the restriction endonuclease used. This, of 
course, is due to the particular sequence specificity of the 
enzyme. Different restriction enzymes will often generate frag- 
ments of different sizes from a single allele. 

2- The particular alleles of the MHC in a sample to be analyzed , 
l-sing a given proDe and a given enzyme different alleles of a 
polymorphic MHC locus will display fragments of different sizes 
tr.at hybridize with the probe. Alternatively, some alleles may 
not share enough sequence similarity with the probe to hybridize 
to it while other alleles display strong hybridization due to 
nucleotide sequence identity with the probe. 

3 - The probe employed. For a given sample of DNA and one or more 
given restriction endonuclease, the fragments hybridizina to the 
probe will depend on the probe used inasmuch as two probes dif- 
fering in their nucleotide sequences, but derived from the same 
cDNA or genomic fragment, may not hybridize to sequences present 
in the same restriction fragment. 

The usefulness of the invention will be discussed below by demon- 
strating five examples from three important fields of application. 
These examples do not in any v/ay serve to limit the invention and 
the average scholar will easily realize other fields of application 
not exemplified here. 

EXAMPLES ' ' 

All examples utilize a common technology which involves 

a) extraction and isolation of genomic DNA 

b) restriction enzyme digestions of the isolated DNA 

c) separation of the restriction fragments by size 

d) subjecting all of the separated DNA fragments to hybridization 
with at least one labelled probe derived from copy or Genomic 
DNA of the MHC locus 
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i) irer.t:: iceticr. of DNA fragments that have hybridizec with the 
2 rose or proses 

c craps r: rig the hybridization pattern recorded with those of one 
or more individuals. 

Zetci's of the experimental protocols pertinent to the examples 
c escribed here are outlined below. 

51 cod cells 

Slccd (20 ml) was drawn from individuals which had been tissue 
typed for KLA-DR antigens with serological techniques. 

Preparation of genomic DNA 

In a typical preparation leucocytes were isolated from 20 ml of 
blood by centrifugation. The cells were suspended in 40 ml of 0-.05 
M Tris-Cl buffer, pH 7.5, containing 0.01 M NaCl and 0.001 M EDTA 
Sodium dodecyl sulfate (0.1 g in 0.5 ml of water) and proteinase K 
(Merck AG) (4 mg in 0.4 ml of water) were added. The sample was 
incubated at 37° under shaking for 16 h and thereafter it was 
extracted with phenol (40 ml) saturated with 20 mM Tris-Cl buffer, 
pH 7.5, containing 1 mM EDiA. After phase separation by centrifu-' 
gation, the upper phase was extracted with 40 ml of water- saturated 
phenol : chloroform: isoamy.Vic alcohol (25:24: 1 v/v). The resulting 
upper phase was finally extracted with 20 ml of water-saturated 
chloroform: isoamylic alcohol (24:1 v/v). The upper phase was dia- 
lyzed three times against 2£-portions of 10 mM Tris-Cl buffer, pH 
7.5, containing 1 mM EDTA for a total. period of 24 h at x4°C. One- 
tenth the volume of 3 M sodium acetate buffer, pH 6.0, and 2.5 times 
the volume of cold ethanol were added to the dialyzed material. The 
DKA was precipitated in 250 ml glass tubes at -20°C for 12 h, and 
subsequently it was sedimented by centrifugation at 6000xg for 30 
min at +4°C. 

The DNA precipitate was dissolved in 10 mM Tris-Cl buffer, pH 7.5, 
containing 1 mM EDTA. Ethidium bromide was added to a final concent- 
ration of 800 yg/ml and CsCl to a final density of 1.397. The solu- 
tion (total volume: 30 ml) was Centrifuged for 40 h at +20°C in a 
Sorvall Ti 865 rotor at 41 000 rpm. Chromosomal DNA was thereafter 
recovered under ultraviolet light and was dialyzed against 2 £-por- 
tions of 10 mM Tris-Cl buffer, pH 7.5, containing 1 mM EDTA that 
were changed four times. The material was subsequently precipitated 
with ethanol and sodium acetate as described above. The precipitate 
was washed twice with ice-cold ethanol (70S v/v) in water, then 
lightly dried under vacuum, and finally carefully suspended in 300 
•jl of 10 reM Tris-Cl, buffer, pH 7.5, containing 1 mM EDTA. 

Restriction enzyme digestion 

Samples of DNA (10 vg) were separately digested with 10 units of 
restriction enzymes such as Bam HI, Pvu H, Eco RI and Bgl II 
(New England Biolabs) for 2 h at 37°C. The digestions were termi- 
nated by heating at 65°C for 2 min. 
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:V;-frcg E ents from the digested samples were separated by electro- 
:--rr S .] n =;,, 0 ;': W !S £rD ? e 9el 1» t.W M Tris-ace"tate buff-r 

*ss cried under vacuum at 80=C for 2 h. trcnsf er, the niter 




3e:-oactive labelling of the probes 

L h ri=I°^i, U ^ d .""llMctlvely labelled with a[ 32 P)ATP by so 
M ?U Si'.™* ^ ,0 " ( ? 1 » b * et *1- Bio . 1 13 , 237-251 

r:« temperature whereafter it was neutralised by Iddl™ d M5 ml 'of 
1.. .-. ^od-um phosphate, pH 7.5 and put on ice. . 

Hybridization on nitrocellulose filters . 

The nitrocellulose filters were pre-hybridizM for 3 h at a?°r <„ , 
O^Mfco"? SIT! tT^t (5 f v/')rdexiran f °s r ulfa h te t ( 2 9 /m ), 

the concentration in the prehybridization solution In ?drf?ti«n 
^S5";J™ tl0 ? °J He P es wa * ^uced ?o ha f hatof tne pJe- ' 
fe r ^ 1 iSSc°?or 0 24 t h! n - hybr1di2at1 °" ° f «». probe was P c r arri e d 

p r ?otocoff rS W6re SUbSequfintly washed ""''ding to the following 

1. Twice at room temperature 0.36 M NaCl 

with a solution containing: 0.018 M sodium phosphate, pH 7 5 

0.001 M EDTA . 
1 mg/ml sodium dodecyl sulfate 



Twice for 15 min at 55°C 0.036 M NaCl 

vi^r. a solution containing: 0.0018 M sodiun phosphate, pH 7 c 

0.0001 M EDTA 

1 mg/ml sodium codecyl sulfate 
Finally, once at room 0.036 M MaCl 

temperature with a solu- 0.0018 M sodium phosphate, pH 7.5 
lion containing: 0.001 M EDTA 



Autoradiography 

The nitrocellulose filters were dried and placed in X-ray casettes 
together with KODAK XAR-5 films and DuPont Cronex lightning-plus 
screens at -70<>C for 3 days. The films were subsequently developped 
in an Agfa-Ge ert automatic developer. 

EXAMPLE 1 

Serological tissue typing techniques are dependent on the availa- 
bility of cells that can be used as references. Such cells are 
usually homozygous at one or more of the polymorphic MHC loci. To 
demonstrate that the method of the invention is superior to present- 
ly used serological techniques DNA of homozygous typing cells was 
subjected to the protocol described above. The cells used were 
homozygous at the DR locus and displayed Class II antigens of spe- 
cificities 1, 2, 3, 4, 5, 6, 7 and 8, respectively. No serological 
typing data for Class II antigens of the DC locus were available. 

In rr,ost cases it is not known whether antisera used for typina of 
Class II antigens contain antibodies directed aaainst both' or"only 
one Class II antigen chain. However, since DR and DC a and 3 chain 
cDNA inserts have been isolated they were all used as probes in 
the hybridizations. 

The cDNA of the DR a chain hybridizedto a single band of identical 
size regardless of from which typing cell the DNA had been isolated 
provided the restriction endonucl eases Eco RI or Pst I had been 
used, for the digestion (not shown). However, when the digestions 
had been carried out with the enzyme Bgl II unique fragments hybri- 
dizing with the DR a chain probe v/as obtained when cells of DR- 
types 1, 3 and 6 were examined. For all other DR types the sinale 
hybridizing fragment was identical in size (see Fig. l\ lanes P-X). 

Using the same DNA preparations digested either with the enzyme 
Earn HI or Pvu II hybridizations were carried out with a. DC. a chain 
probe. Fig. 2 shows that all eight cell types displaying different 
DR specif ities gave rise to unique hybridization patterns. Since 
serological analyses only have revealed four DC antigens so far it 
can be concluded that the analyses shown here provide improved reso- 
lution. Moreover, the discovery of new DC a chain alleles is ob- 
vious. 



DNA from the DR-homozygous cells v/as digested with the restriction 
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er.cDnuclease Pvu II and after size separation the DNA fragments were 
a" • :,-.ec to hybridize with DR and DC 5 chain probes, respectively. 

: . 3 depicts the results. It is oDvicus that the hybricizctior. 
:'zzie'-zs were unique both as regards the cells and the proses used. 
Thus, the invention provides means to identify OR and DC 6 chain 
alleles and the method of the invention obviously resolve's addi- 
t : cr.al 3 chain alleles* 



The data of Fig. 3 show that most DR and DC B chain alleles give 
rise to multiple fragments hybridizing with the cDNA probes used. 
This is an expected result since the hybridizing contiguous sequen- 
ces of the probes correspond to genomic sequences of the alleles 
that are interrupted two or more times by intron sequences. Such 
inirons may contain restriction enzyme sites but do not hybridize 
wim the probes used. However, the observation of multiple DNA 
fragments in a single sample hybridizing with a probe may also 
indicate that the probe reacts with DNA fragments of more than one 
gene. Although the data of Fig. 3 clearly show that DR and DC 8 
chain sequences, under the conditions used, only to a minor extent, 
if at all, cross-hybridize, the data require clarification. To this 
end the experiments of Fig. 3 were repeated and comparative analyses 
using DR and DC 8 chain probes corresponding to the translated 
portions of the cDNAs and the 3 '-untranslated regions, respectively, 
were used (see Fig. 1). The DNA samples were digested with Bam HI 
pricr to electrophoresis and hybridizations. Fig. 4 depicts the 
results obtained with the two DR 8 chain probes. It is evident that 
the untranslated probe did not give rise to unique hybridization 
patterns for each DR-type as did the translated probe, also when 
using this restriction enzyme. Hov/ever, when the DNA samples had 
been digested with the restriction enzyme Pvu II the maps gene- 
rated by the 3* -untranslated DR S chain probe were unique for each 
cell type differing in DR specificity (Fig. 5) but the number of 
restriction fragments hybridizing with this probe was less than 
those hybridizing with the DR 8 chain translated probe (see Fig. 5). 

Fig. 6 shows restriction patterns of DNA from homozygous typing cells 
digested with the enzyme Bam HI and hybridized with probes corre- 
sponding to DC 8 chain translated and 3' untranslated. regions, respec- 
tively. The translated probe yielded unique restriction maps for 
each one of the cell types while the 3' untranslated probe, in most 
instances hybridizing only to a single fragment, could not distin- 
guish the alleles of five of the eight cell types (see Fig. 6, lanes 
J-N). Taken at face value these data may suggest that the human hap- 
loid genome contains but a single DC 3 chain gene. 

The data presented in figures 2-6 demonstrate that by using various 
probes and restriction enzymes tissue typing can be performed by the 
method of the invention. Not only does this method allow the detec- 
tion of new class II antigen (HLA-D) alleles, as exemplified by the 
data on the DC locus, but it also provides means for separate ana- 
lyses of a and b chain alleles, something that so far has not been 
accomplished by serological techniques. 



£. % £r.iri6 the resolution of the method cf the invention DNA was 
iszlatee from four individuals serologically typed to express the 
specificities DR 7/7 (one individual) DR 2/7 (two individuals)* 
ar.c DR 2/2 (one individual). All individuals examined were geneti- 
cally unrelated. Aliquots of the samples were separately digested 
v.ith'the enzymes Pvu II and Bam HI, respectively, and restriction 
ra:s were established using translated probes of OR and DC S chain 
cDNA clones. The results are summarized in Fig. 7. As expected, the 
CR S chain probe gave distinct patterns for the two homozygous 
sar.oles regardless of the enzyme used. However, a combined restric- 
tion map of the two homozygous individuals was identical to the 
maps recorded for the heterozygous individuals. Likewise, the DC S 
probe provided unique maps for the DR-homozygous individuals. How- 
ever, the restriction maps of the two heterozygous individuals were 
dissimilar and only for one individual did the map correspond to the 
combined maps of the homozygous individuals. The DR and DC loci 
occur close to each other on chromosome 6. 

Through this close linkage it is to be expected that a given DR al- 
lele will frequently occur together with a given DC allele. However, 
the data presented in Fig. 7 demonstrate that despite this close 
linkage the method of the invention can independently analyze the 
DR and DC loci. 

EXAMPLE III 

Serological analyses as well as "mixed lymphocyte cultures" to as- 
sess the HLA-DR phenotype require great skill and the reproducibi- 
lity of such analyses is usually less than acceptable. To examine 
the reproducibility of the method of the invention DNA was isolated 
from two pairs of monozygotic twins. Each sample was handled sepa- 
rately and after enzyme digestions, aliquots were subjected to 
restriction mapping. Fig. 8 shows that the restriction maps ob- 
tained were identical for each twin within a pair. Thus, neither the 
restriction enzyme digestions nor the probes used did artifactually 
distinguish the twins in each pair. The method of the invention is 
obviously very reproducible. 

EXAMPLE IV 

A 32 ?-labeled DC 8 chain cDNA probe (previously termed pDR-s-1) 
(V-iman et al . Proc. Natl. Acad. Sci. USA 79, 1703-1707 (1982)) was 
utilized to study restriction endcnuclease-digested DNA isolated 
from a total of 92 individuals. DNA-f ragments of a lambda-phage 
were used as the molecular size markers. 

The human DNA was digested with the restriction enzyme Eco RI and 
resulting fragments were separated by slab gel electrophoresis and 
subjected to the Southern hybridization technique. 

The Eco RI digestion resulted in at least 8 different fragments 
(kb is kilobases): 
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Ascrox. size 



2: kb 
13 kb 
11 kb 

9 kb 

5 kb 

4 kb 

3.5 kb 

2.2 kb 



The 6 kb-fragnent was present in all 92 individuals. The 11 kb- 
Tragaent was highly, but not completely, invariable. The othlr fraa- 
rents shewec 2 variable appearance. The 9 kb - and 2.2 kb- f ragmsnts" 
occurrec paired, i.e. both fragments were~eTther present or absent. 

The 92 individuals showed 17 different maps of the DNA fragments 
hybridizing to the probe, none of the maps covering 20% of the 
total r.u-ber cf individuals. A donor for organ transplantation or 
bleed -ransrusion will be sought in the group showing the same map 
as the perscn in need of such treatment. 

In this study 45 out of the 92 individuals were healthy controls, 
31 were persons with insulin-dependent diabetes (IDDM) and 16 were 
diagnosed as non-insulin dependent diabetic patients (NIDDM). The 
segregation of the 9 kb / 2.2 kb sibling fragments is shown. below. 



heaitny controls IQdm nIDDh 



with fragments 22 3 8 

without fragments 23 28 8 

S with fragments 4 9% 10% 50% 

The analysis of the IDDM patients was confirmed in a duplicate ana- 
lysis. r 

The significance of the present observation is that the IDDM pa- 
tients lac< the 2.2/9 kb sibling fragments more often than the gene- 
ral population. A possiole explanation is that the IDDM patients 
lac< an EcoRI site in an allele encoding an HLA-DC 8 chain. It should 
be noted that the probe used was a DC S chain rather than a DR e 
pna.n. ihe lack ot oneor two restriction enzyme sites may influence 
the resulting molecule encoded by the gene. 

The observation of a low frequency of the 2.2 / 9 kb sibling frag- 
ments a-.cng I DOM patients is also dramatic from the point of view 

""u U i2°'^? f £} IDD "-Patients express either HLA-DR 3, HLA- 
H? \ 3 {4. Jhese alleles are present in no more than 60% of 

the healthy population. 

In another study we examined the restriction fragments hybridizina to 

veWor reas nV!!? had ba ? n digested w1th BafSl and Ps ' 'res ec 
tively. For reasons of comparison Eco RI digested DNA was a u n «,T 

ned. .he popu ation consisted of 54 non-rel!" ^ individuals- heaTthv' 

persons (n=2o) and IDDM patients (n=29). All subjects were randomly* 
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£c". ecteo to obtain an idee of the population frequency of the hybri- 
c::*-.c fragments . None of the examined individuals had been typeo for 

Cc-.psrec to the healthy individuals the IDDM patients exhibited the 
- expected decreased frequency of the hybridizing 2.2 and 9.0 kb Eco RI 
frczr.enzs (p<0.01 )(see above). Also two Bam HI fragments of 3.2 and 
2.7 kb, hybridizing to the DC 3 chain probe were less frequent in 
the DNA samples of the IDDM patients as compared to the healthy sub- 
jects (p„<0'.001; see Table II). The 5.8 kb Bam HI (p <0.05) and the 
£.5 and 6.0 kb Pst I (p <0.05) fragments showed increased frequen- 
cies among the IDDM patients. 

The differences in the restriction maps between the two groups may 
be explained by the preponderance of HLA-DR3 and/or DR4 alleles 
among the IDDM patients. However, since the probe used was a DC e- 
chain cDNA and the exact linkage between the HLA-DR and -DC loci is 
not known an unambiguous explanation to the data cannot be given as 
m yet. Nonetheless, the decreased frequency of the Bam HI 3.7 kb frag- 
ment in OVA of the IDDM patients does not seem to be dependent on 
the negative association established for HLA-DR 2 and IDDM (see 
Table I) since DNA of HLA-DR2 homozygous typing cells do not display 
this 3am HI fragment (see Figure 6, lane B). Further analyses are 
obviously required to establish the exact origin of the 3.7 kb frag- 
ment (see below). However, suffice it to say that the Bam HI frag- 
ment of 3.7 kb is rarely observed when DNA of IDDM patients is exa- 
mined while the same fragment occurs more frequently (30-40X) in DNA 
of healtny subjects, even if they express HLA-DR4.. 

DNA of randomly selected IDDM patients and healthy subjects did not 
differ in the frequency of the 18 kb PstI fragment. The different 
frequencies of this fragment in DNA of IDDM patients and healthy per- 
sons only seem to apply when the comparison is made between indivi- 
duals displaying identical HLA-DR phenotypes. 

EXAMPLE V 

It was tested whether the HLA-DC s-chain cDNA probe will hybridize 
to fragments of different sizes generated when DNA from healthy in- 
dividuals and diabetic patients being either HLA-DR identical or 
randomly selected, are digested with restriction endonucl eases. Among 
individuals serologically typed to be HLA-DR 4 and/or 3/4, insul in 
dependent diabetes mellitus (IDDM) patients showed an increased 
frequency of a Pst I 18 kb DNA fragment. A Bam HI 3.7 kb DNA frag- 
ment, frequent among healthy subjects (30-40%) , was rarely detected 
in DNA of IDDM patients (0-2%). 

DNA was isolated from 22 IDDM patients, diagnosed before the age of 
13 at the Department of Pediatrics, University of Linkoping, Sweden, 
expressing either HLA-DR3/- (n=5), DR4/- (n=8), or DR3/4 (n=9). 
Additional DNA samples of IDDM patients (n=25) expressing either 
KLA-DR3 (3/3 or 3/-)(n=5), HLA-DR (4/4 or 4/-)(n=7) or HLA-DR3/4 
(n=1 3) and of healthy controls expressing HLA-DR3 (n=4), HLA-DR4 (n=9), 
or HLA : DR3/4 (n=13) were isolated from frozen, previously DR-typed 
. ly^phccytes. 
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Tre cistribtticn of restriction fragments in rsric'cmly sel ected 1 21'.'. 
ref ects ar.c centre is ~ ~ 



~ - t ; . L " 5lZc 

' (kb) 
EcoRI 


IDDM 
(n=29) 


Controls 
(n«25) 


p-value 


2.2 
3.5 
4.0 
9.0 
13.0 
20.0 


3 (10 5) 
23 (79 %) 
26 (79 %) 

3 (10 25) 
21 (73 %) 
25 (86 S) 


12 (48 %) 
16 (64 %) 
20 (80 55) 
12 (48 %) 
15 (60 2) 
14 (56 55) 


0.002 c 

NS 

NS 
0.002 c 

NS a 

o.or 


BamHI* 


IDDM 
(n=29) 


Control s 
(n=25) 




3.2 
3.7 
£.8 
6.2 


3 (10 %) 
0 ( 0 s) 
23 (79 5J) 
3 (10 S) 


15 (60 55) 
10 (40 S) 
10 (40 %) 
10 (40 21 


O.OOOlj! 

o.ooor 

0.C04? 
0 01® 


PstI** 


IDDM 
(n=27) 


Controls 
(n=25) 




4.0 
4.9 
5.1 
5.4 
6.0 
6.3 
18.0 


7 (26 %) 
21 (78 %) 
10 (37 %) 

4 (15 %) 
26 (96 %) 
18 (67 X) 
23 (85 %) 


3 (12 55) 
'9 (36 55) 
18 (72 2) 
12 (48 55) 
16 (64 55) 
7 (28 55) 
18 (72 S!) 


NS . 
0.003° 
0.01* 
0.01* 
0.004° 
0.006° 
NS 



Differences between IDDM and controls (Fisher's exact test correcting 
for the number of fragments a p c >0.05; b P <0.05; c p <0.01; d p c <0.001 



NS is not significant 

* 3.2 vs. 3.4 kb, 4.0 vs, 4.3 kb and 10.0 vs 12.0 kb Bam HI sequences 
.were not resolved; only sequences which varied between individuals 
are shown. 

** PstI sequences 10, 7.2, and 6.5 have not been scored. 



"he hybridization patterns cf enzyme digested DNA, isolated f rom * 
-»- : ccr/:y selected I DDM patients (n=29) and healthy controls (n=25;, 
v ere ajso compared. All patients were diagnosed before they had 
reached the age of 30 and were treated wizh insulin. These" patients 
as well as the healthy controls were all Caucasians. DNA samples 
were separately digested with 3 restriction endcnucieases. DC £ chain 
cDNA probe hybridized to 5-9 BamHI, 4-7 EcoRI and 4-8 PstI restric- 
tion fragments in the different individuals tested (Table II). BamHI 
sequences of 10 kb, 8.0 kb, 7.0 kb, and 5.0 kb and EcoRI sequences 
cf 11 kb and 6.5 kb were present in all individuals examined; the 
ether sequences were highly variable. 

Figure 9 shows restriction fragments detected in 3 non-related 
KLA-DR3/4 healthy individual s after digestion with BamHI (lanes 1-3), 
EcoRI (lanes 4-6) and PstI (lanes 7-9), respectively. BamHI sequen- 
ces of 3.7 and 12 kb, an EcoRI sequence of 20 kb and PstI sequences • 
of 1S and 5.1 kb varied between the individuals. 

The frequencies of the 3.7 kb BamHI and 18 kb PstI sequences differed 
between 'serologically typed HLA-DR identical I DDK and healthy indi- 
viduals (Table IV). The PstI 18 kb sequence was present in increa- 
sed frequency among IDDM patients expressing HLA-DR4 and DR3/4. 
Patients expressing the HLA-DR allele differed frcm controls even if 
the p-value was corrected for the number of PstI fragments observed 
(p c <0.01). The frequency of the 3.7 kb BamHI sequence was clearly 
decreased in IDDM patients compared to controls (p c <0.01). It was 
also noted that 6 out of the 8 HLA-DR3 and/or 4 positive indivi- 
cucls having the 3.7 kb sequence were also missing the 18 kb PstI 
fragment. These results demonstrate the existence of HLA-D region 
5-gene nucleotide sequences, which are associated with IDDM. 
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Yari = b1s and invariable {*) restriction : fragments detected v;ith 
-.--CC £-cnain cDJJA rrcie in zr.e :r.ci v. ] s tested. ~~ 



Eco R! 


20 


13 


11* 


9.0 


6.5 


4.0 


3.5 


2.2 


kb 






Sen HI 


12 


10* 


8.0* 


7.0* 


6.2 


5.8 


5.0* 


4.3 


3.7 


3.2 


kb 


Pst I 


18 


10 


7.2 


6.5 


6.3 


6.0 


5.4 


5.1 


4.9 


4.0 


kb 



...... 



v.- I 



i 

r.::u 



r.2Mi ^ W, 



TA2LE IV 

?s" I ':£ kb end Earn HI 3.7 kb restriction. enc'onucTease fraoaents 
ce-r::ec py zr.e HLA-uc 3-cr.ain prooe in hLA-DR tv^ed IDDm"^ rl.n^M 
:rc:v-.cuais ~ : — r — 







Pst 


I 18 kb 




Bam HI 3.7 


kb 




No. of 
indivi- 
duals . 


No. 

posi 

tive 


of 

— % 


y VQ IUC 


No. 

posi 
tive 


of 

% 


p-value° 


HLA-DR3* 
IDDM 

Controls 


10 
4 


A 

2 


(40) 
(50) 


NS 


0 
0 


(0) 
(0) 


NS 


HLA-DR4- 
Controls 


15 
9 


15 
6 


(100) 
(67) 


p<0.04 b 


0 
3 


(0) 
(33) 


p<0.04 b 


HLA-DR3/4 
IDDM 

Controls 


22 
13 


21 
8 


(96) 
(62) 


p<0.02 b 


1 

4 


(5) 
(31) 


p<0.05 b 


All individuals 
IDDM 47 
Controls 26 


40 
16 


(85) 
(62) 


p<0.025 b 


1 
7 


(2) 
(27) 


p<0.002 C 



Both IDDM and control individuals were selected to express only 
HlA-DR3 (3/3 or 3/-) and HLA-DR4 (4/4 or 4/-), respectively 

Fisher's exact test was used to test differences- between IDDM 
and control individuals. Multiplying the p-values with the 
number of fragments observed resulted in the foil owing, 
corrected p-values (p ): bp >0.05 c p <0.01. •• 
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TC FIGURES 



Fig. ' Schematic picture of a Class II antigen molecule composed 
of cisulf ice-containing a and S chains ( middle ). The Class 
II antigen a and 8 chain cDNA probes and tne restriction 
sites used to isolate them are indicated at the top and at 
the bottom of the figure. Their approximate lengths can be 
estimated from the lines demarkating every 100 bp. Both a 
chain probes correspond to the translated portion while both 
translated (TR) and 3 'untranslated (UT) probes of the S 
chain cDNA clones were used* 

Fig. 2 Hybridizations of a DC a chain cDNA probe (see Fig. 1) to 
DNA of individuals serologically typed to be homozygous for 
the DR specificities 1 to 8, respectively (lanes A-P). The 
DNA was digested separately with Bam HI (lanes A-H) and Pvu 
II (lanes I-P). The same DNA was also digested with Bgl II 
and hybridized with a DR a chain cDNA probe (lanes Q-X). 
DR 1 homozygous DNA occursin lanes A, I and Q and DR 8 
homozygous DNA in lanes P, H and X. 

Fig. 3 Hybridizations of DR (A) and DC (B) S chain translated 
probes to DNA of individuals serologically typed to be 
homozygous for the DR specificities 1 to 8 (as noted above 
each lane). The figures denote the positions of markers of 
different sizes (expressed as kilobases, kb). 

Fig. 4 Hybridizations of DR s chain cDNA translated (lanes A-H) 
and 3' untranslated (lanes I-P) probes to DNA of indivi- 
duals serologically typed to be homozygous for the DR spe- 
cificities 1 to 8 (lanes A and I depict DR 1 DNA while lanes 
H and P depict DR 8 DNA). The DNA was digested with Bam HI. 

Fig. 5 An experiment identical to that of Fig. 4 but the aliquots 
of DNA were digested with Pvu II rather than with Bam HI. 

Fig. 6 Hybridization of DC g chain cDNA translated (lanes A-H) and 
3'untranslated (lanes I-P) probes as described for Fig. 4. 
The DNA was cleaved with Bam HI. 

Fig. 7 Hybridizations of DR (lanes 1-8) and DC (lanes 9-16) B chain 
cDNA translated probes to DNA of two individuals phenotyp- 
cally homozygous at the DR 6 chain locus (DR 7/7 in lanes 
1, 5, 9 and 13; and DR 2/2 in lanes 4, 8, 12 and 16) 'and to 
DNA of two individuals serologically typed to express the . 
DR specificities 2/7 (lanes 2, 6, 10 and 14 display the \ 
restriction patterns of one of the heterozygous individuals 
while the patterns of the other individual are depicted in 
lanes 3, 7, 11 and 15). The aliquots of DNA were separately 
digested with Pvu II ( anes 1-4 and 9-12) and Bam HI (lanes 
5-8 and 13-16). 
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i^_c nybnduation of DC (lanes 1, 2, 5, 6, 9, 10, 13 and 1*1 and 
r a tunes 3, 4, 7, 8, 11, 12, 15 and 16) £ chain cCKA ' 
• - t -: £n ^t tea P rcbes to DNA of two pairs (AA and BB, respec- 
tively) of monozygotic twins. Lanes 1 to 8 depict DNA of 
the AA twins and lanes 9-16 show DNA of the BB twins DNA 
in Janes 1 to 4 and 9 to 12 was digested with Pvu II 'while 
b.-.n in lanes 5-8 and 13-15 was cleaved with Earn HI. 

Fig^ Hybridization of a DC * chain cDNA translated probe to DNA 
of three healthy and genetically unrelated individuals. The 
J?™ U! m DNA P|; e Parations were separately digested with 
Bam HI (lanes 1-3), Eco RI (lanes 4-6) and Pst I (lanes 
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tenja 1 ascertains* or for assessing rel ative ris!' for^n 

c h a r a c t e r t 2 e d in that a probe which hybridized to' 
a base sequence in the human MHC. is used in t ? £1 f 

mmmm 

2 ' ESSi^^ 1 "'^ ----- ^ 
3 - - ^ 

4. A method according to claim 3rhav* a ,- + ~ 

5. A method accordinq to claim 1 o * u , ^ . 
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c. A method according to claim 5, characterized in that 
tr.e frac-ent distribution is examined for the appearance of frse- 
-er.ts, the absence or presence of which is indicative of the re- 
lative risk of an individual to acquire a disease related to 
one or more MHC allele. 

S. A method according to claims 4 and 6, characterized 
in that the restriction enzyme is Eco RI, that the mRNA codes 
for a s chain of a Class II antigen, and that the fragment 
distribution is examined for the appearance of two paired 
fragments of 9 kb and 2.2 kb. The absence of which in an in- 
dividual indicates that said individual has an increased rela- 
tive risk to acquire insulin-dependent diabetes mellitus. 

10. A method according to claims 4 and 6, c h a r a c t e r i z e d 
in that the restriction enzyme is Bam HI, and that the fragment 
distribution is examined for the appearance of a fragment of 
3.7 kb, the absence of which in an individual indicates that 
said individual has an increased relative risk to acquire insulin 
dependent diabetes mellitus. 

11. A method according to claims 4 and 6, cha rac te'ri zed 
in that the restriction enzyme is Pst I, and that the fragment 
distribution is examined for the appearance of a fragment of 

18 kb, the presence of which in individuals exDressing the 
serologically defined KLA-DR4 or DR 3/4 indicates that said 
individual has an increased relative risk to acquire insulin- 
dependent diabetes mellitus. 

12. A probe for use in the method according to any of the preceding 
claims, character! zed in that it is selected from 
cONA complementary to the mRNA coding for Class II gene products 
(antigens), genomic DNA representing the actual Class II genes 
and/or their flanking base sequences and fragments thereof. 

13. A probe according to claim 12, characterized in that 
it is cDNA complementary to the mRNA coding for Class II gene 
products (antigens). 

14. A probe according to claim 12, characterized in that 
it is genomic DNA representing the actual Class II genes and/or 
their flanking base sequences and fragments thereof. 

15. A probe according to claim 12, c h a racteri z e d in that 
the Class II genes are of the HLA-D type. 

16. A method according to claim 1 or claim 2, characteri- 
ze d in that DNA from each individual of a selected population 
preferrably a family, is mapped, and the maps are correlated to 

•the occurrence of a certain disease in said population to deter- 
mine a relationship between the presence or absence of specific 
fragments in the maps of the disease-affected and healthy persons 

17. A probe according to claim 12, characterized in that 
, the Class II genes and gene products are of the KLA-DC type. 
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A :rcbe according tc cUirr. *2, c h a r a c t e r i 2 e d in thai 
t-r Class II cer.es'ar.c gene products are of the HLA-DR type. 



V".:" 



19. A method according to clairn 2, c h a r a c t e r i 2 e d in that T 
the Class II genes and gene products are of the HLA-CR or HLA- 



DC region. 



m 



J'eT.'SKii.i.OiiOr.; 



2/5 



/ 



■A3CDEF6H IJKLMNOPORSTU'VWX 



f i 



! ! ! I 

! i M 



CSS 



B 



DR-TYPE: 8 7 6 5 4 3 2 18 7 6 5 4 3 2 1 
kb 

21- 
5- 



2.0- 
1.6- 

u- 

0.9- 
Q8- 



















o 






















o 








O 












CD 






a 




S3 


o 








































o 












CD 










^> 










i 




to 


GS 






O 




















































































C9 


© 








CP 
















O 






































o 


































CZ3 















Ev 



£7 
J~ 



3/5 . 

ABCDEFGH I J K L M N 0 P 

! ! 



C2> 
CSS 



G2> 



i ! 



esi 



I ! 



i 



ABCDEFGHIJKLMNOP 



^7- 


5 




















































CD 








s 






o 






...... 

1 


















CO 
















<£> 


5 






































































































<S3> 












































































O 






£7 











I'CT/skss/oou:;.; 



4/5 



t j 



A 

A 


D 


c 


D 


E 


F 


G 


1 * 

H 


1 


, J 


K 


L 








2 




c=s> 




GS 






















CZ3 
















G9 




















































o 




<£3> 












ffrp 














































































































i 





M N 0 P 

! i i 



C3I 



1 2 3 U 5 6 7 8 9 10 11 12 13 U 15 16 



o 



£3 



<Z3 



•2.0- 

1.6- 
1.4- 



0.9- 
0.8- 



£22 ^ 



G3> 



£9 



£22 



J'CT/SKSS/OOOU 



5/5 



'iri-3 



J 



kb 
21 



1 2 3 4 5 5 7 8 S 10 11 12 12 14 15 16 



5 - 
4.3- 
3.5- 



2.0- 

1.6- 
1.4- 



Q9- 
0.8- 



C3> 



CD 



C3 



C9 



(ZD 



«2> 

O 



s 



ts3 



©as 



<S2> 



BAMHI 



ECORI 



PSTI 















<£3> 


-20 












-12 




csrs> 

S=E> 




-13 
















CP 










































-6.5 










CS5 


-5.8 




































S3 


























CSS 






-4.0 
































-3.7 


<£SS> 






-3.5 






1 


2 


3 




"4 


5 


6 




7 


8 



<szs» 



-18 
-10 

^6.3 
^6.0 
5.1 
4.9 

-4.0 



INTERNATIONAL SEARCH REPORT 

InumaJicrai Apaocsllon No PCT/5EE3/0CGE* 
^T::h C c SUBJECT MATTER i.f se*era: cietnncti.cn i»f-:cn esc>r. moieal* a'D 1 



i 's .-•t'-e:;or.ii Pai#r.t Classification (i PCI cr to both National Classification and IPC j 

: 22 S 1/68, C 12 N 15/00, G 01 N 33/58 



c.^rS SEARCHED 



Minimum Documentation Searched * 



C est ".est er. Siiten 








Classification Symooie 


IPC 3 


C 12 


Q 


1/00,04,68 


C 12 K 15/00 


US CI 


635: 


a 


, 5, 6, 172 





Documentation Searched other than Minimum Documentation 
to tht EiUnt that such Documents are Inclosed In lha fields Searched * 



SE, DK, NO, FI classes as above 



TCCL'WEKTS COHKIOERED TO St RELEVANT ** 



C-:a::on of Document. »• with Indication, whara appropriate, of tr.e relavant passages n 



Relevant to Claim No. »* 



VJ0 , Al, 82/02060 (YALE UNIVERSITY) 
24 June 1982 
i EP 67 213 withdrawn 

I?, A2, 63 879 (YALE UNIERS IT Y ) 
3 November 1982 
see pp 51-55 and 61-69 

EP, Al, 62 286 (ALBERT EINSTEIN COLLEGE 

OF MEDICINE OF YESHIVA UNIVERSITY) 
13 October 1982 

Proc. Nat. Acad. Sci. USA, Vol. 77, No 10, 
pp 6081-85, published October 1980 
(PL0EGH H L ET AL)- "Molecular cloning 
of a human histocompatibility antigen 
.cDNA fragmeht" 

Scand. J. Immunol. 14, pp 617-622, pubr 
lished 1981 (LARHAMMAR D ET AL) "Evolu- 
tionary relationship be tween HLA-DR 
antigen ^-chains, HLA-A, B, C antigen 
sub units and immunoglobulin chains" 

• • • / • • . 



1-19 



1-19 



1-29 



1-19 



1-19 



♦ S;«c a: ca:e;crtea ol citsd documents: '* 

-A" soeument eefininc the general state of tha art which ia not 

considered to be of particular relevance 

earlier documant but published on or attar tha International 

filing data 

"I" document *hicb may throw doubta on priority claim(a) or 
which It citad to aatabliah tha publication data ol another 
citation or other tpaclal reason (aa specified) 

"O" document referring to an oral disclosure, use, eihibition or 
ctner meant 

"P" document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published attar the International filing data 
or priority oata and not In conflict with the application but 
citeo to understand tha principle or theory underlying the 
invention 

■X" document of particular relevance: the claimed Invention 
cannot ba considered novel or cannot bo considered to 
Involve an inventive atap 

«Y" documant of particular relevance; tha claimed Invention 
cannot be considered to Involve an Inventive atap when tha 
document is combined with one or mora other such docu- 
ments, such combination being obviout to a pereon silled 
in ma art. 

"A" document member of the earn* patent family 



IV. CERTIFICATION 



Cste cf tf.e Actual Completion of the International Search > 

'1953-06-10 



Date of Mailing of thla ,nt,mill *3$3* -[Jj^J 0 ^/ *| 



|nterr«:.cr.*i Searching Authority > 



Signature of Aulhoriia^Qmcer»°^ y 

n n r> . . _ i. _ c _ L 



International Aepiicallon No. PCT/SEE3/DQQ34 



j DOCUVEKTS CONSIDERED TO BE RELEVANT (CONTINUED FROM THE SECONO SHEET) 

! 



C;u;ion cl Document. •* with indication, where appropriate, of tn« relevant passacei »» j Relevant to Claim Nc »* 



Nature, Vol. 290, published 9 April 1981 
( JORDAN B R ET AL) "Human HLA gene seg- 
ment isolated by hybridization with 
mouse H-2 cDNA probes" 

Proc. Nat. Acad. Sci. USA , VOL 79, pp 1703- 
1707, published March 1982 (WIMAN K ET 
AL) "Isolation and identification of a 
cDNA clone corresponding to an HLA-DR 
antigen p chain 

Proc. Nat. Acdd. Sci. USA , Vol. 79, pp 3687- 
3691, published June 1982 (LARHAMMAR D. 
ET AL), "Complete amino acid sequence of 
an HLA-DR antigen-like A chain as predic- 
ted from the nucleotide sequence: 
Similarities with immunoglobulins and 
HLA-A, -B, and -C antigens 

Proc. Nat. Acad. Sci. USA, Vol. 79, -pp 5966- 
5970, published October 1982 (STETLER D 
ET AL) "Isolation of a cDNA clone for 
the human HLA-DR antigen #chain by using 
a synthetic oligonucleotide as a hybridi- 
zation probe 



1-19 



1-19 



1-19 



1-19 



